Introduction: Stroke is the most common debilitating neurological disease in adults. Therefore, rehabilitation is a major consideration to reduce costs and relief disabilities. Biofeedback, a newly recommended method is claimed to be able to improve the consequences following stroke by enhancing the understanding of the psychological functions of the body. The purpose of this study was to investigate the effects of biofeedback on the motor-muscular situation in balance and ability to walk, muscle stiffness (spasticity), hand muscles strength of stroke patients. Methods: The present study was a randomized clinical trial done in 2016. The participants were randomly divided into 2 groups (case and control group). In the intervention group, biofeedback was performed. The check list of main variables, including balance and ability to walk, muscle stiffness (spasticity) and hand muscles strength was completed by a physician before the intervention and at the end of the intervention (16 th session). The statistical analysis was conducted, using SPSS version 13. Results: The mean score of balance in intervention group versus control group showed significant differences. The results showed that by eliminating the effects of muscular strength before the intervention, this variable had made improvements and significant differences in both intervention and control groups after the intervention. Comparison of the average spasticity showed that spasticity evaluation score before and after the intervention revealed no significant difference between the two groups. Conclusion: Biofeedback therapy is a promising treatment modality for improving the motormuscular situation of patients after stroke. 
Introduction
Stroke is the most common debilitating neurological disease in adults and the third leading cause of death worldwide after cardiovascular diseases and cancer. 1 A statistical analysis revealed that>50% of patients who survive a cerebrovascular accident experience long-term disabilities.
One hundred and thirty-two people out of every 100,000, suffer their first stroke annually in Iran-a rate which is considerably higher than that in developed countries. 2, 3 After a stroke, patients who lack independence may be affected with musculoskeletal, swallowing, and bowel and bladder dysfunction, loss of skin integrity, and selfcare inability. 4, 5 All of these problems can impair a patient's self-image and decrease their quality of life and performance. 6 The most common and worst complication of stroke consists of motor disabilities, such as hemiplegia, hemiparesis, partial or complete loss of limb muscle force on one side of the body. 7, 8 Post-stroke spasticity results in decreased flexibility, limb deformities, reduced motor function, joint pain, and further decreases in motor function. 1 Also, 55-75% of stroke patients have limited upper-limb function and mobility . 9 Because of complications caused by functional disorders in stroke patients, cerebrovascular diseases require prolonged hospitalization and home care, which yield huge economic and social challenges. 10 Therefore, rehabilitation is a major consideration to relieve costs and minimize disability. The purpose of rehabilitating patients with hemiplegia following stroke is to enable patients to achieve maximum functional capacity and independence as soon as possible. 11 Accurate and timely rehabilitation can reduce the degree of disability. Studies revealed that within 6 months of stroke, 64% of patients are able to walk without help versus 22% who are not able to walk. Upper-and lower-limb motion can be recovered within 3-6 months in approximately 80% of patients. 12 In recent years, a new method known as functional movement therapy has gained popularity for treating hemiplegia. This method consists of a combination of traditional methods and functional movements, involving weight-bearing or no weightbearing types to increase joint mobility and reduce hyper tonicity in the affected limbs. Several methods including acupuncture, electrical and functional stimulation, training methods of evolution in the motor nerves, and biofeedback for rehabilitation are available and used for this purpose. 13 Biofeedback is a treatment technique by which individuals are trained to improve their health through using their physical signs. 14 One of the aims of biofeedback is to enhance the understanding of the body's psychological functions. The main goal of biofeedback training sessions is to train individuals to self-regulate their psychological processes. Biofeedback process includes 3 cognitive methods in the rehabilitation of stroke patients; first, the data are obtained from sensory electrodes and then, biofeedback augmented this signals and finally, this signal is interpreted as a warn to increase or decrease biological function for medical groups. Biofeedback is reportedly able to improve the consequences of stroke, including memory deficits, headache, dizziness, confusion, and distraction as well as lower-extremity motor dysfunction. 9, 14 The ability of biofeedback to improve the lower-limb motor function and walking performance in stroke patients has been investigated in other studies. 9 These authors have reported that, after a 4-week rehabilitation program, the walking ability, walking speed, and lowerlimb motor function in the intervention group were not significantly improved. Maciaszek et al., 13 investigated the effect of biofeedback training performed on a balance plate on the dynamic balance of stroke patients. In the final study follow-up, relative improvements in balance were seen in intervention group.
In the past two decades, biofeedback has been used as a clinical patient training technique for regaining muscle control. Today, with the advent of new therapeutic methods, mortality rates have been reduced, but the demand for rehabilitation has increased. However, the absolute efficacy of biofeedback to improve motor function in patients after stroke is unclear and the few available studies have reported paradoxical results. Objectives
The purpose of this study was to investigate the effects of biofeedback on the motor-muscular situation in balance, the ability to walk, muscle stiffness (spasticity) and hand muscles strength of stroke patients.
Materials and methods
The primary goal of this investigation was to evaluate the effect of biofeedback on the motor-muscular situation in the rehabilitation of stroke patients. The present randomized clinical trial was conducted from May to September 2016.
The sample size was determined to be 60 individuals, considering mean space and hypothesis of the same study (10) , the mean deviations of S1 = 30.6, S2 = 29.8, X1 = 41.3 and X2 = 56.7, resulted in a group size of n = 30.
The inclusion criteria for this study encompass all the patients with stroke for the first time according to computed tomography (CT) scan and magnetic resonance imaging (MRI), with the length of disease exceeding 3 months and lower than 3 years, within the age bracket of 18-65 years, with the ability to walk for 10 meters with or without assisting devices, with hemiplegia and without any cognitive, verbal and visual disorders. Also, the exclusion criteria included an unwillingness to participate in the study, being absent for 3 sessions in biofeedback exercise, being hospitalized during intervention and death.
This study included all patients with stroke who attended the physiotherapy center of Imam Raza Hospital in Mashhad, Iran. The participants were randomly divided into two groups, based on block randomization (case and control) after screening based on the inclusion and exclusion criteria. The control group performed routine physical exercises. In the intervention group, biofeedback (20-min sessions, twice weekly, for 8 weeks) was performed. A demographic information questionnaire was completed by all participants. 15 A checklist of main variables, including balance and ability to walk, muscle stiffness (spasticity) and hand muscles strength was completed by a physician before the intervention and at the end of intervention (16 session). 15 The main variables of the checklist were reassessed by the researchers who were blinded to the patients' information. Possible confounding variables including aphasia, severe visual disorders, previous musculoskeletal disorders, and peripheral neuropathy detected via the exclusion criteria were excluded from the study. Background variables in monitoring the method during interventional procedures were followed by the control of confounding variables. Before the intervention, educational session was conducted, and the benefits of using a biofeedback device was fully explained to each participant. Two connection channels (Rehab Kit or MyoPFR), were provided to patients and designed for dual purposes. EMG (electromyography) signals can also be used to provide electrical stimulation. The Electrodes are initially placed on the body surface as follows: 1. The patient is in a seated or standing position. 2. The insertion plates of the electrodes are cleaned with alcohol. 3. Two biofeedback electrodes are placed at the two ends of a muscle and one green and one red wire are connected to them. 4. A biofeedback electrode is inserted around the muscle, tendon, or bone protrusion and a black wire is attached to it.
The numbers representing the electrical conductivity of the skin were displayed on the screen to demonstrate the patient's physiological condition. In feedback on the picture, when the amount was higher than the number assigned to the device, we completed our achievement.
The Berg Balance Scale (BBS) was used to determine each patient's balance ability. The validity and reliability of this instrument were evaluated in a similar study. 16 The BBS is used to objectively determine a patient's ability or inability to safely balance during a series of predetermined tasks. The Berg Balance Test (BBT) evaluates the functional balance of the older adult using A modified Ashworth scale was used to evaluate spasticity. The validity and reliability of this instrument in an Iranian population was evaluated by Tahereh HajiAhmad et al. 17 This six-grade scale, which is routinely used to evaluate spasticity in stroke patients, was completed before and after the intervention by a neurologist.
A dynamometer (model T.K.K.540) was used to measure muscle strength. The purpose of this test is to measure the maximum isometric strength of the hand and forearm muscles. The patients were instructed to perform maximum isometric contractions during the dynamometric measurement.
Demographic variables including age, sex, educational level, and marital status were recorded. Disease duration, stroke type (ischemic or hemorrhagic), dominant hemisphere, injured hemisphere, cerebrovascular disease risk factors (hypertension, diabetes mellitus, hyperlipidemia, smoking, and cardiac arrhythmias) were recorded in a separate checklist.
The statistical analysis was done using SPSS software version 16. The data were analyzed by a descriptive statistics method, variance analysis, repeated measure, a correlation coefficient, and a non-parametric test such as the Wilcoxon or Mann-Whitney. The level of significance was 0.05.
The aim of the study was explained to the patients and their written informed consent was obtained according to the Declaration of Helsinki. Furthermore, it was explained that the patients could withdraw from the study at any time.
Results
The demographic variables in this study were age, gender, type of stroke and region of stroke, educational level of patients, duration of stroke, marital status, history of hypertension, diabetes mellitus and smoking and history of anti-coagulation therapy. In our study, 60 patients participated of whom 35 (58.3%) were male and 25 (41.7%) were female. The mean age was 59.78 (9.0) years. There was no significant difference in the demographic variables between the intervention and control groups, except for educational level (P= 0.014), since most participants in the intervention and control groups had a high educational level. The left hemisphere was dominant in both groups 24 participants (80%) and 16 participants (53.3%) in the control and intervention groups, respectively). Half of the patients 50% in the control and intervention groups had hypertension, but Fisher's exact test revealed no significant correlations between hypertension and other risk factors such as diabetes mellitus and smoking (P = 0.445). Table 1 shows the mean other demographic variables and standard deviation of the biofeedback and control groups. Comparison of mean balance ability on the BBS, using the independent t-test showed that the mean preintervention score did not differ significantly (P= 0.503), whereas the mean post-intervention score did differ significantly (P=0.014). This finding revealed that at the post-intervention stage, patients in the biofeedback group had higher scores than those in the control group. In addition, the comparison of the average ability to walking, before and after use of biofeedback treatment, had no significant differences between 2 groups. Comparison of the average spasticity, using the MannWhitney test showed that spasticity evaluation scores pre-and post-intervention did not differ between the two groups (P= 1.00).
Comparison of muscle strength, using dynamometer pressure showed that the mean pre-intervention muscle strength in the control group was significantly higher than that in the intervention group (P= 0.041), while there were no significant intergroup differences in the postintervention scores (P= 0.279). Since the pre-intervention variables were not homogenous, analysis of covariance was used to compare them between the two groups. The results showed that elimination of the effects of muscular strength before and after the intervention in both groups improved these variables significantly (P= 0.005).
Discussion
The aim of this study was to determine the effect of biofeedback on the motor-muscular situation in the rehabilitation of stroke patients. The most important finding of this study was the lack of significant intergroup differences in mean pre-and postintervention BBS balance scores and muscle strength. This finding was consistent with those of other studies. 17, 18 On the other hand, other studies [19] [20] [21] reported different findings. This paradox may be due to the use of various scales to evaluate the mentioned indexes. This theory was proven further when Tahereh Haji-Ahmad et al., 17 and Ehsan Ghasemi et al., 18 used the same scales as our investigation, while other studies [19] [20] [21] reported different results using different scales. The use of various scales with different items might have changed the results.
Walking and balance ability in natural daily life activities in stroke patients is the goal of physiotherapy and biofeedback. 1 In our study, no significant intergroup difference in walking ability was seen before versus after the use of biofeedback. This finding is not parallel in similar studies. 22, 23 States et al., 24 noted that the shortterm use of physical therapy and biofeedback did not significantly improve walking or standing ability in stroke patients. The difference in the results of our and other studies 22, 23 may be due to differences in the definitions of standing and walking abilities. To explain this issue, Jan Mehrholz et al., 25 defined this issue as the ability to walk and stand 6 months after the first physiotherapy session. Thus, this parameter should be evaluated in the long run (approximately 6 month after the first physiotherapy session) since a shorter-term assessment may be unreliable. Louise Ada et al., 26 noted that biofeedback rehabilitation had very little effect on spasticity.
This study had limitations including lack of long-term follow-up. Further studies will help resolve these limitations and improve the rehabilitation guidelines for the use of biofeedback therapy in stroke patients.
Conclusion
Biofeedback therapy is a promising treatment modality for improving the motor-muscular situation of patients after stroke.
